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Concraie exposed {0 sswage or industrial wasie in the
presence of air and inorganic reduced suffur com-
pounds often degrades rapidly, Sulfur-oxidizing bacteria
of the genus T hichagillus that generale sulfuric acid a8
ihe end product of their meiabolism play animportant
role in this process. To evaluate the resisianice of con-
crele fo the acr;;:.y of these microorganisms, a special-
ly designed fvdiogen suliide chamber contalning cor-

e ftest blocks was built, Temperature, Aumidily, hy-
orogen sultide concentration, and expesure [0 aerosole
of different thichacilli are controlied in this chamber. Ex-
neriments show that the rate of concreie degradation fs
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lagzi

accolerated, and coricsion requiring alfeast b ymsem.
syslems was reproducinny demmsﬁa ed within nine
menths. With this system, the degradation rales corrs-
sponding to weight loss belwean 1 and ?O v correfated
most closely with densitizgs belween 765 ang 10°
celisiom? of the bacterium T. Lh oo,< dans on the surface
of the concrete lest specimens. Specific polar lipid com-
ponents in the membranes of the thiobaciiii can ke used

io monitor the number of these organisms on the sur

faces of corroding concrete. i
1

Intreduction .
THE bS CF~ 1% t VI:?Q,AT!L AND BELATIVELY INEXPENSIVE
savers corrgsion DFOb\@ﬂIS im ihe presence of reduced forms

of sulfur, oxygen, nitrogen, and a carbon source that can be
carben dioxide, recduced sullur-oxidizing n miicroorganisins can
nerate sulfuric acid..in the presance of sulfuric acig, gye-
sum can be created from calgium hydroxides and carbonatas,
citen with disastrous weakening of the slructure. This oro-
blem has been noted primarily in ccncre;e sewer lines, pm
ticularly in warm and moderate climaltes. i 1945, Parker ¢

scrived a i

m

biologicaily mediated corrosion mechanism fo lr*e
Melbourne, Australia sewer system.5 Micr Ob:u”” gengrated hy-
dragen sulfide is fransporied to the walis of sewer pipes and
converted to sulfur, which is oxidized o ¢ u! uric acid by the
thiobacilli metaboiism. Thal theory has been confirmed oy this
work. S8 12 While studying sulfuric acid altack on the sewar net-
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Exosrimental orocedurs

Coritrolied exposurs
£ slainiess stesl (S5)
2 concrete specimens (60 x 11
o'1.8-cm squares) were placed of
in10cmof waier. The water tempera
C, and the pH was hisid at 7.0 by means of an automaltic titra-
tion unit. The air space above the waler was maintained at 30
G and 160% humidity, with 10 = 1 pom hydrogen suiiide as
monitored by a gas chromatograph. 4 The blocks were
periodically sprayed with thiobacili culiures thal had been
isplated from the sawer sysiem. The pH at the concrate sur
face was monitored by firmly attach ed nH sirips on the con-
crete specimens. The sirips were replaced evary two weeks,
Figure 1 shows 2 la m of the 2 st apparatus. Figure 2
specimens and chamber.

onstrucied in which
x 7 omin size and scored in-
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re was mainiained at 20

shows the concrels

Moniforing ifie Corrosfon

Aiter & 3-month mo(‘J\aHo” ”Prvod gach spacimen was
sampled every 90 days for 3 ia. The surface cubes
were broken off of the conc nigs, lransferred to
botties containing 50 of sierlle washing soiution,
incubatad in ilasks rota\@: at 200 rom on a shaker for 30
. Tre resulting suspensicns were used for dilufion series,
from which setective media for thicha bacteriat heisro-
trophs, and fungh wera inoculaied. The cultural evaluation
lasted four weeks The weight loss of the cubes was manitored
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Re dried corrosion
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FIGURE 3 — Profile of the pH () and fogarithms of the
cell numbers of (8] T, intermedius/novelius, (8} T. neepoli-
janus, and (c) T. thiooxidans measured alter 270 days in
the test chamber (upper panel—resistant Portland ce-
ment; middle paneiminiermedi' te resisiant Duz iimo ce-
ment; and lower panel—blast furnace cament of poorest
resistancal.

TABLE 1 — Rula"m”*’p beiwesn blodegradation of conzrete
nd number of 7. !ﬂ:lO,«fdanS

. thicox!dans
v calislemn? gnatviod

Weight ioss
% ol totef

Corroston gradse

Negiigitlo 07 % 05 a. 0.8 3
Medivm 23 2 17 7. 2.7 g
5B = 2.3 77203 5

Grest

¢ wilh the most goweriul acid-generating snecles, T (hmoxi-

dans {see Tabie i}
The plate counts of he.ero‘rfv“ ;
fungi were independant of the condre

Potential of signaiure ",o:L. analyvsis
of thiobacilli

Assay of the thicbaciiil from the dilution iubes and
culture plates requires at feast four weeRs and cannoi disting-
uish hetween T intermedius and 7. novellus. Recenily, th

Cilpked and amide-

¢ aerooic bactaeria and
te t

ot chemical assays of the Hnig componenis of microbial con-
sortia has been shown Lo prov a qguantitative measure of
e bicmeass and com "’rucwre without the necessity of
isolating the crgeni he growth substrate or cullure
of the organisms once Hey_ are isolated.’” The early work of

Shively suggested that the thiobacilli lipids were sufiictentty

vausual to serve as \;ignalurc% of these organisms.'®® Qur
work has shown that the thichacilti polar fipids contain ester-
nked fa‘.w acids with vnusual structures,
such as monoenaic 15 18, and 17 carbon fally acids with ui-
saturations at ‘Wo"j n G carbons from the methyi end of the
motacuies. 2% Most organisms have the unsaturalion at a single
position, usually at the 7 or 9 position irom the methyl end.
These orgsnisms also contain unusually large p:opo;t»ons of
cyclopropane laily acids, wilh the three-membersd fing b

:n 7 and B in the 17 carbon anc between 8 and 9 in the 10
carbon atom faily acigs. These iipids also contaln urusual 2
hydroxyl moncunsaturated. 10 and 11 methyl branched, 2
hiydroxyl cyclopropans, 10 through 13 melhoxy saturaled, and
10 ano 13 hydroxy saturated faily acids. These fatly acids oc-

fug

cur in proportions thatl ailow the individual species to be difier-
enti ﬁted from each other?? The unusual polar lipid fatty acids
and the bound iatty acids lrom the lipopolysaccharide enable

the acid-producing thiobacilfi to be idenfified in samples from
t

esi spacimens and corraded concrete sewer samples
1
i

It has proven possible (o correlate in sewer pipes, in the
field, and on concrete specimaas in 3 sirictly conirolied
hvdrogen sullids lest namber that the degree of concreig
cegradation directiy correiates with tha numbers of T. thicox-
idans.V1? These organisms deoress the pH of the concrele
urizce 1o valuas between 1 and 3 by their excration of sutfuric
cid. The development of 2 m;\chormoai assay for the thichas-
A i relaticnship between the
-and the degradation of
_ chamber, which pro
iodegradative activity of
able *ir-"reapem has ied io a diotest
varsatile building material.
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